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ABSTRACT 

This bulletin discusses the concept of technology and 
'the nrlure of technology education in Australia, including: 
technological literacy, technological awareness, technological 
capability, and information technology. Recent curriculum 
developments in technology and what they mean for teachers 1 roles in 
mathematics and science are explored. In order to help teachers 
develop lessons that take into account students* views, three methods 
that teachers could use to find out what their students think about 
technology are explained. These are: writing an essay; responding to 
a survey; and drawing a picture. A reproducible copy of a technology 
questionnaire is included. (MKR) 
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THERE ARE many ways to think about 
technology. People think about it in ways 
that fit their circumstances and experiences. 
In response to a request to define technology, 
one science teacher wrote: 

Technology is the 'applied knowledge' of science. 
Technology minus 'science' does not exist. Therefore 
technology may be defined as the practical off-shoot of 
science. 

The theme 'technology as applied science' 
was a popular one among 94 Australian 
science teachers who were asked to respond 
to this question (Rennie, 1987), That's not 
surprising - they were, first and foremost, 
science teachers! Here's what another teacher 
wrote in answer to the same question: 

Technology is the development of inst ry » nents useful in 
simplifying mathematical calculations and processes 
after appropriate algorithms have been fed into the 
instrument. 

You might not be surprised to learn that this 
definition came from a mathematics teacher 
or that, when mathematics teachers wrote 
about equipment in technology, they usually 
mentioned computers and calculators. 

But these aren't the only kinds of things 
which teachers write about technology. 



Artefacts, procedures to make work easier 
and interaction with society are also 
mentioned. Below are two more examples, 
the first from a mathematics teacher, and 
the second from a science teacher: 

Technology includes the artefacts/implements/ 
instruments/procedures developed /invented by a 
community/ society in order to advance itself 
culturally/professionally and to improve its living 
standards. 

A culture-bound phenomenon which makes tasks 
easier. Technology incorporates a range of tools from 
the very simple to the very complex. 

Students have different ideas about 
technology, too. They mostly agree that it is 
important, but mar,y don't realise how 
diverse and pervasive it is. Some think of 
technology in terms of computers, some in 
terms of environmental disaster. Others 
think about inventing, manufacturing and 
progress with positive and negative 
consequences (Rennie & Sillitto, 1988). 

Technology has become part of the 
curriculum in Australia and what science 
and mathematics teachers and their students 
think about technology has become very 
impa nt. Teachers of subjects like technical 
drawing, home economics and manual arts 
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often have been assumed to be the 
technology specialists. Now it seems that 
teachers in other subjects, like mathematics 
and science, have an increasingly important 
roletoplay. What does this mean for science 
and mathematics teachers? What will they 
have to know? What will they have to do? 
Developments all over the world indicate 
that teachers need to understand technology 
as a whole curriculum theme, not just as it 
relates to mathematics or sciencs. At the 
same time, the special relationship between 
technology and their own subject needs to be 
examined. Further, teachers need to consider 
children's ideas and how they think about 
technology, because whatever happens in 
the classroom will be shaped not only by 
what teachers do but by what students think. 

In this issue of What Research Says we 
explore the concept of technology and the 
nature of technology education. We look at 
recent curriculum developments in 
technology and what they mean for teachers 
of mathematics and science. So that they can 
develop lessons which take account of 
students' views, we describe three methods 
which teachers could use to find out what 
their students think about technology. 

WHAT IS TECHNOLOGY? 

Gardner, Penna and Brass (1990) 

analysed a number of descriptions of 
technology from the literature associated 
with curriculum development. They 
identifiedsixrecurringelements: technology 
is concerned with people (a human 
endeavour); purposes (satisfaction of human 
needs or wants); resources (materials, energy, 
capital, time); tools and machines (to extend 
capabilities);processes (storing, transforming, 
transporting); andproducts (artefacts). They 
also emphasised the technological process, 
listing invention (of a new idea), refinement (of 
the invention), innovation (making it 
available to the public), diffusion (the uptake 
of the innovation) and transfer (to a new 
society or country). 



It is clear that technology involves both 
products and processes, including 
designing, producing, refining and 
marketing- All of this occurs in a social 
context. If we understand technology in 
this broad way, how does it help us to 
understand what technology education 
might be, especially as it affects science and 
mathematics teachers? 

WHAT IS TECHNOLOGY 
EDUCATION? 

TECHNOLOGY EDUCATION is much older 
in the UK than in Australia, and 
developments here have been informed by 
the UK experience. The Association for 
Science Education (ASE) set up a working 
party to explore science curricula and 
technology in the UK. It commented on the 
inadequacies of ad hoc developments, such 
as approaches dominated by craft teachers, 
'hi-tech' courses focusing on computers and 
electronics, pre-engineering courses, or 
science courses with an applied science 
component. The ASE report (Woolnough, 
1988) identified four components to 
technology education: 

• technological literacy, in which students 
become familiar with the content and 
methodologies of a range of different 
technologies; 

• technological awareness, in which 
students are made aware of personal, 
moral, social, environmental and 
economic implications of technology; 

• technological capability, in which 
students tackle a variety of technological 
problems considering a range of 
perspectives; 

• information technology, in which 
studentsobtain,handleand communicate 
information. 

These four components have implications 
for how technology might be incorporated 
into the curriculum. In the UK, Technology 
was first introduced in 1990 as one of the 10 
curriculum subjects of the National 
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Curriculum for pupils aged 5-16 years. The 
curriculum structure has emphasised 
technological capability and information 
technology, although technological 
awareness and literacy also play a role. 
However, according to an HMI report, 
teachers have found problems in interpreting 
and implementing the requirements of the 
curriculum and it is now under revision. 

Do our mathematics and 
science courses develop 

technological awareness, 
literacy and capability? 

Whatkinds of curriculum decisions are being 
made in Australia? The Australian 
Education Council has proposed that all 
States include technology as a separate 
curriculum strand. There is a national 
curriculum statement about technology 
education which has not been released yet. 
Independently, several Australian States 
have included Technology in recent 
curriculum statements. In Western 
Australia, Science and Technology (which 
includes computer studies) has formed one 
of seven components of the K-10 curriculum 
from 1985. One school has integrated its 
technology program across the curriculum, 
and tied it in with the four ASE components 
(Treagust & Mather, 1990). Another 
curriculum project has emphasised 
technological capability, resulting in a 
textbook for teachers of Years 5 to 8 
(Treagust,Kinnear&Rennie,1991). Students 
work on design projects related to leisure, 
toys and the zoo. 

Technology is included in the New South 
Wales Statement of Curriculum as part of 
the Technological and Applied Studies Key 
Learning Area in secondary schools. In 
primary schools, technology is lifiked with 
science. The Technology Studies subject 
introduced in 1990 in schools in New South 
Wales has two strands, one focusing on 
computer software applications and the 
other on technology studies. In the latter 
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strand, students are expected to learn about 
technology, to use technologies and to design, 
research and assemble a project. Such a 
program reflects the four components of 
technology outlined by the ASE. 

In Victoria, Technology Studies is one of the 
P-10 Curriculum Frameworks and has the 
subtitle Tfeinfcmg, Making, Doing (Ministry of 
Education, Victoria, 1988). The curriculum 
also emphasises technological capability with 
its strong bias to the technological process 
(inventing, planning, evaluating) and 
student outcomes are defined in terms of 
knowledge and skills relating to technology, 
the understanding and use of the 
technological process, technology and 
society, and personal development. 

WHAT IS THE ROLE OF SCIENCE 
AND MATHEMATICS TEACHERS? 

IN MAY 1990, the second meeting of the 
Prime Minister's Science Council was 
devoted to 'Science and Mathematics in the 
Formative Years' and included discussion 
of curricula, teachers and learners. In his 
comments on this topic, Fensham states: 

I suspect the various concerns about mathematics and 
science education in Australia ... could be well 
summarised as a wish for a 'practical capability' in our 
students in mathematics and science that will enable 
them to think, live, and to act in the technological world we 
have chosen for them. (Fensham, 1990a, p. 138) 

The implication is that quality learning in 
mathematics and science will produce 
citizens who are confident and capable, 
people who can think and act in a socially 
responsible way. Fensham (1990b) examines 
the ab>Kty of our present science courses to 
prepare students in the three areas of 
technological awareness, literacy and 
capability. Changes in science education 
havemoved towards makingstudentsaware 
of technology, but only by presenting it as 
applications of science. In contrast, some 
science courses, notably the Salter courses in 
the UK, start from technological issues or 
from where technology impinges on the lives 
of young people. Such courses are more 
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likely to develop technological awareness 
and literacy together with a sense of 
confidence and social responsibility. 
Fensham questions whether Australia's 
science courses in their present form can 
develop technological capability. His paper 
makes interesting reading for teachers 
willing to think critically about the science 
content of our curricula. 

Even if new science and mathematics courses 
are developed which will encourage 
technological capability in our students, 
whether they develop technological literacy, 
the confidence to deal with technology in a 
socially responsible way, remains to be seen. 
Experience elsewhere suggests we should 
look carefully at the outcomes. 

An example comes from a large London 
comprehensive secondary school. Here, the 
students who had followed a three-year 
technology course (during Years 7-9) were 
asked to complete one of the following 
sentences: 

It is important for me to know about science and 
technology because ... 

It is not important for me to know about science and 
technology because ... 

Most students completed the first sentence. 
Their reasons fell into three categories: 
competency-do-it-yourself construction and 
repair jobs (girls and boys equally made this 
response); careers - to help you get a job 
(boys more than girls gave this response); 
and interpretive - to help you to live with 
confidence in the world (responses of this 
kind were almost three times as likely to 
come from girls as from boys) (Grant & 
Harding, 1987). There is no doubt that 
students learned from the course, but their 
learning outcomes were presented 
differently. The boys were focusing more on 
technological capability (the doing of 
technology) and the girls on technological 
literacy. 

The importance of values and social 
responsibility cannot be overlooked. Our 
science and mathematics courses are heavily 



weighted towards knowledge, in spite of 
recent curriculum projects which have 
emphasised process or skills. Technology 
courses have emphasised skills, with a shift 
from craft skills to those of problem sol ving. 
Neither has included a strong values 
component. Importantly, several studies 
have shown that girls are more likely to be 
motivated to study science and technology 
when a consideration of values is integrated 
within the course (Grant & Harding, 1987). 
A technology course which emphasises 
values could encourage not only more 
equitable participation, but also provide a 
vehicle for technological critique and the 
consideration of social responsibility. 

The importance of values and 
social responsibility cannot 
be overlooked. 

The need for a social and critical aspect in 
technology education in Australia is clear. 
Eckersley (1987) reported to the Commission 
for the Future on the attitudes of Australian 
people to science and technology. He 
concluded that "Australians applaud 
technological progress, and fear it" (p. 1). 
Nuclear weapons, pollution and computers 
"appear to be a major source of the pessimism 
many Australians feel about the future" 
(p. 3). He notes that many teenagers could 
not imagine a peaceful and desirable future. 

Teachers, including mathematics and science 
teachers, share a responsibility to help 
students cope with our technological world. 
It also makes it very important to understand 
what our students think about technology 
and its relationship to them. 

WHAT DO YOUR STUDENTS THINK 
ABOUT TECHNOLOGY? 

WHAT STUDENTS learn in your classroom 
depends not only on what you plan for them 
to learn, but on the knowledge and 
understandings which they bring to the topic. 
What goes on in their heads is shaped by 
what is already there. If you can find out 
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TECHNOLOGY QUESTIONNAIRE 



SUPPLEMENT 



Name 



School 



Class 



Here are some questions for you. For each question, circle the number which is the right answer for you. 
Part A: What is technology? 







SIkONGLY 
AGREE AGREE 


CANT STRONGLY 
D60DE DISAGREE DISAGREE 


1. 


Technology mainly concerns computers and similar equipment. 


1 2 


J 


4 


5 . 


2. 


Making models and testing them is part of technology. 


1 2 


3 


4 


5 


3. 


Technological appliances can only be used by qualified people. 


1 2 


3 


4 


5 


A 
H t 


Working with materials is an impoitar* part of technology. 


1 2 


3 


4 


5 


5. 


Without electricity, there would be no technology. 


1 2 


3 


4 


5 


6. 


Technology involves designing solutions to problems. 


1 2 


3 


4 


5 


7. 


Most people have little to do with technology in their everyday lives. 


1 2 


3 


4 


5 


8. 


In technology there are opportunities to design new products. 


1 2 


3 


4 


5 


9. 


Two hundred years ago there was no technology. 


1 2 


3 


4 


5 


10. 


Technology means inventing new ways of doing things. 


1 2 


3 


4 


5 


Part B: What do you think about technology? 






STRONGLY 
AGREE AGREE 


CANT STRONGLY 
DEdDE DISAGREE DISAGREE 


l. 


I am interested in technology. 


1 2 


3 


4 


5 


2. 


Technology makes the world a better place to live in. 


1 2 


3 


4 


5 


3. 


I would like to learn more about technology. 


1 2 


3 


4 


5 


4. 


Technology has brought more good things than bad things. 


1 2 


3 


4 


5 


5. 


I would like a career in technology later on. 


1 2 


3 


4 


5 


6. 


It is worth spending money on technology. 


1 2 


3 


4 


5 


7. 


I like to read books and magazines about technology. 


1 2 


^> 
j 


4 


5 


8. 


Inventions in technology are doing more good than harm. 


1 2 




4 


5 


9. 


I would like to join a hobby club about technology. 


1 2 


3 


4 


5 


10. 


Technology is needed by everybody. 


1 2 


3 


4 


5 
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page is a supplement to a publication entitled Technobgy education in Science and Mathematics authored by Jan Harding and 
Leonienennie and published by the Key Centre for School Science and Mathematics at Curtin Universitv of 



WHAT TECHNOLOGY MEANS TO ME 



Name School : Class 

Technology can mean different things to different people. When you read the word 'technology' what 
comes into your mind? What does technology involve? 

Please tell us what technology means to you by writing about it, or by drawing a picture. You might like 
to do both. 
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your students' current thinking and 
understanding of technology, you will know 
where to start* You'll be in a position to help 
students challenge their ideas, if that is 
appropriate,and offer opportunities for them 
to develop their understanding. 

Here are descriptions of three ways of 
obtaining information about students' 
perceptions of technology: writing an essay; 
responding to a survey; and drawing a 
picture* Thedifferentmethodsgivedifferent 
information and each has some advantages 
and limitations* 

Writing about Technology 

Give eachstudentapieceof paper containing 
the following essay topic, and ask thrm to 
write at least three sentences: 

Technology can mean different things to different 
people. When you read the word 'technology" what 
comes into your mind? What does technology involve? 

Ten minutes seems to be an adequate amount 
of time to give students to write about this 
topic. If you want longer essays, you can 
give more time. 

You'll find that the essays from your class 
will make interesting reading. There might 
be a local issue upon which your students 
could comment, but probably you will find 
a wide range of responses. Some will make 
good discussion topics,or perhaps you could 
get groupsof students in the class to use their 
essays and come to a consensus definition 
for technology. 

Rennie and Sillitto (1988) collected 212 essays 
on the above topic from 13-year-old students 
in Western Australia. They found a large 
variation in how much students wrote, and 
what they wrote about. Overall, students 
wrote about technology in terms of; its 
products, like computers and machines; its 
processes, like invention and manufacturing; 
and its social aspects, like good and bad 
consequences. 

The content of these Western Australian 
q essays was very similar to that written in 



other countries. The technology essay topic 
was prepared by a team of researchers led 
by Jan Raat and Marc de Vries from 
Eindhoven, The Netherlands. Their project, 
called Pupils' Attitudes Tozvards Technology 
(PATT), coordinated the collection of data 
relating to students' attitudes and knowledge 
about technology in many countries in the 
world. 

Responding to a Questionnaire 

The PATT project also developed very 
comprehensive attitude questionnaires about 
technology, including questionnaires about 
interest, gender-role pattern, consequences, 
difficulty and careers in technology. Some 
of these have been adapted for use in schools 
in Western Australia (Rennie & Treagust, 
1989). 

A supplement to this document has two 
short questionnaires about technology. Part 
A - What is Technology? asks students 
questions about the nature of technology. 
The five odd-numbered statements 
investigate the breadth of students' 
understanding of technology. 'Agree' 
responses indicate a narrow perspective* The 
five even-numbered statements assess 
students' understanding of technology as a 
design process- the thinking-making-doing 
concept of technology. 'Agree' responses 
indicate agreement with this perspective. 

PartB - What Do You Think About Technology? 
concerns students' attitudes about 
technology. For the five odd-numbered 
statements, 'Agree' responses indicate that 
students have a positive interest in 
technology. The even-numbered statements 
refer to the social implications of technology. 
'Agree' responses indicate that students' 
perceive technology to have favourable 
consequences. 'Disagree' responses indicate 
that students perceive technology in a 
negative way. 

Photocopy the page in the supplement if you 
would like your students to respond to these 
items. All of the items have been used before, 
and the four kinds of items form four 
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subscales to do with the diversity of 
technology (Part A, odd-numbered items), 
technology as a design process (Part A, even- 
numbered items), students 1 interest (PartB, 
odd-numbered items) and perceptions about 
the social implications of technology (PartB, 
even-numbered items). 



Your students 9 perceptions of 
technology ... different methods 
give different infortnation. 



If you use the questionnaire to find out about 
students' perceptions of technology, there's 
no need to work out scores on subscales. It's 
probably more informative just to get a 
picture of the pattern of responses for each of 
the items. This will give you a starting point 
for future discussions or lessons about 
technology. If you did want to use s ubscales 
to make comparisons between classes, for 
example, just add up the scores on each item 
of the subscale. 

Many students, particularly girls, respond 
in the middle category on items like these, 
particularly those about the social aspects of 
technology. Grant and Harding (1987) 
investigated further why so many students 
chose in this category, and concluded that 
they often suspend judgement - the decision 
to agree or disagree depends on the 
circumstances. The items just didn't have 
enough information for these students to 
decide which aspects of technology were 
referred to. Class discussion of some of the 
issues has led to lively debate. 

Drawing a Picture about Technology 

A third way to find out what students think 
about technology is to ask them to draw a 
picture about 'what technology means to 
me'. This is good fun for upper primary and 
lower secondary classes, and many students 
will draw clever and interesting cartoon 
figures and situations. Often they need to be 
q interpreted 'tongue-in-cheek'. 

ERIC 
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This is a similar technique to the Draw-a- 
Scientist task which appeared in What 
Research Says.,. No. 4 (Kahle, 1990)- But be 
careful about how you phrase the instructions 
for the drawing! 'Draw a technologist' or 
'draw a person involved in technology' will 
probably give you quite a different picture. 
Be clear what you want to find out, then give 
the instructions. A sample set" of instructions 
is contained in the supplement, combined 
with the essay question. Some students 
might complain that they can't draw, but 
this doesn't matter - stick figures, outlines 
and labels will help to overcome any lack of 
artistic skills. 

Sit down and think about the drawings you 
get. You might want to sort them into groups 
which represent particular perceptions of 
technology. For example, some might focus 
onmachinery, others mightinvolveadvances 
in medicine. Space travel is a popular theme. 
People who have used drawings as a way of 
getting at students' ideas have found that 
some drawings can express strong emotions 
representing fear of technological appliances, 
like computers, and concern for the future of 
our planet and ourselves. 

Which Method Works Best? 

Choosing the best method of finding ouf 
what students think about technology 
depends on what you want to know. Essays 
give students the opportunity to write about 
what they think is important but, if a particular 
aspect of technology isn't mentioned, you 
can't assume that they don't know about it. 
Drawings also give students free reign, and 
can elicit strongly positive or negative 
attitudes which students might not want to 
write in an essay. Essays are more likely to 
stick to ideas and 'facts'. The age of the 
student isalso importantin deciding whether 
to use an essay, a drawing or both. 

If you want all students to give their ideas 
about the same aspects of technology, a 
questionnaire might be useful. Instead of 
using the items given here, you could make 
upyourown. It is a bit more time-consuming 
(and not as much fun) to count responses on 

3 9 
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questionnaires than to read essays or look at 
drawings/ but the information can be very 
helpful And there are ways to make the 
counting easier - for example, shuffle then 
redistribute the unnamed questionnaires to 
students and use a show of hands to get the 
number choosing each response category 
for each question. 

CONCLUSION 

WE BEGAN by discussing technology and 
technology education. Current thinking 
about technology education suggests that 
there are four aspects to be considered: 
technological literacy, technological 
awareness, technological capability and 
information technology. Assisting students 
to achieve technological capability appears 
to be an important challenge for science and 
mathematics teachers. It is also clear that 
technological literacy must be included in a 
technology course if students are to develop 
a senseof social responsibility and confidence 
as users of technology. 

How technology education will affect science 
and mathematics curricula in Australia is 
still being decided. However, teachers' own 
Views of technology and the views of their 
students will play a crucial role in 
determining the outcomes of those courses. 
We have described three methods which 
teachers could use to find out their students' 
ideas about technology so that those ideas 
can be built into whatever course is offered. 
Whatever turns out to be the fprmal role of 
mathematics and science teachers in 
technology education, it is sure to be one of 
considerable influence on the future of our 
students. 
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DOCTOR OF PHILOSOPHY 
DOCTOR OF SCIENCE EDUCATION 

With over 50 dt ctoral students, the Key Centre has one of 
the largest doctoral programs in science and mathematics 
education in the world. A traditional * .esis-only Doctor of 
Philosophy and Australia'sonlyDoctor of Science Education 
by coursework plus thesis are offered. Both programs are 
well-suited to teachers and can be studied full-time, part- 
timeor by distanceeducationmethods. Various scholarships 
are available for full-time study, and the Key Centre offers 
a Travel Scholarship to assist external students in travelling 
to Curtin University for short periods of study. 



MASTER OF SCIENCE 
POSTGRADUATE DIPLOMA 

The Key Centre also has over 200 students pursuing either 
a Master of Science or Postgraduate Diploma in science or 
mathematics education. These programs can beundertaken 
full-time, part-time or entirely by distance education 
methods. The MSc degree can be taken By thesis only or by 
a combination of coursework and project. As well, it is 
possible to undertake individual units from these programs 
without enrolling in an entire program. 



WHAT RESEARCH SAYS TO THE SCIENCE 
AND MATHEMATICS TEACHER 

Exemplary Science and Mathematics Teachers (Barry 
/. Eraser and Kenneth Tobin) 

Assessing and Improving Classroom Environment (Barry 
J. Fraser) 

Scientific Diagrams: How Well Can Students Read Them? 
(Richard K. Lowe) 

Images of Scientists: Gender Issues in Science Classrooms 
{Jane Butler Kahle) 

Metaphors and Images in Teaching (Kenneth Tobin) 
Gender Equality in Science Classrooms (Svein Sjeberg) 
Target Students (Kenneth Tobin) 

Assessing the Climateof Science Laboratory Qasses (Barry 
J. Fraser, Geoffrey /. Giddings and Campbell J. McRobbie) 
Writing in Mathematics Qasses (L. Diane Miller) 
Technology Education in Science and Mathematics 
(Jan Harding and Idonie Rennie) 

Any document in this series may be purchased for $1. 
Send cheques(payableto the 'Key Centre for School Science 
and Mathematics) or purchase orders to the Key Centre. 



KEY CENTRE MONOGRAPHS 

Learning in Science Viewed as Personal Construction: An 
Australasian Perspective 

(Edited by Jeff Northfield and David Symington) Cost: $10 

Upper Secondary School Science and Mathematics 

Enrolment Patterns in Australia, 1970-1989 

(By J. Dekkers, J.R. de Laeter and J A. Malone) Cost: $20 

Barriers to Learning Science with Understanding 
(By Kenneth Tobin, Barry Fraser and Uonie Rennie) Cosh $10 

Environments for Learning Science and Mathematics 
(By Barry Fraser and Kenneth Tobin) Cost $10 

A copy of these monographs may be obtained by sending 
a cheque (payable to 'Key Centre for School Science and 
Mathematics) or purchase order to the Key Centre. 
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